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Chronic jjudxjoo" siunuiaiioa ?s 

as the i>as« c^f the cockiea. -syherisby M\ 
spcsiJ!! p^iieras iire iwsjsaried & ^attest 
P^setniluTS ;5f ths cochka is ixoi 

the snjpSanisd '.-kNu-i-iv^ in .-. prsfsif^d 

receivfii- (22.!, as-d ssceivcd sigiisis are ;j.p- 
pjisd ;hro;:g>s (24) to ihe electi:v:d«:; 
,;c', :?\ The dv-ivcss .ir<- ^■^c '■■laped 
with ihc a: caxid siccm-;d$ (2S^ betn^ krsj- 

th« io-ra'i Vvjsdovv i'i2) a- the base ;;f th« 
cai:hka or ord th« proxnojuory bone (30). 
The ground ekarode f2.S! i~ p!;jcec; ID 
nun from the active dectrodc (16) ;o 
Ehetsby eonfijss the «!eark feid. Tbsr iit- 
tsfcomseetbas (34) td slsctrosSss are 
timi* eompstible msubtioa c«>me«3 
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SINGLE CiiA.\-*^ni A'.DITDR" M'IH13LATU:« SYSTEIS 

Tiijts 5-ve>Nt-0!i xi-l^tcs generally to appar^fc«« ±or netir&i and 
si^sclo Btx-^il^txQx -.xich as for facilitating hearing 1» tiie deaf, 
and storv partxctslarXy the invention relates to a m^tSiOd acnd jseans 
5 for sfcM.i5la1ti33ig Jneat^ of electrioal signals. 

The as© of s\jb«u«sneously impXantea Marirsg devices is teova. 
U* S» S^^tesst: Ho* 3r20&^S;8I aisclosfes a device ^hicU is 
insplajited in th« aststoid toe. Tfae receiver jaalscs airact cotj-^ 
tact with the boise through wMch somd wavcss may be condaeted 
10 to the innar ear . 

More recently^ ioapianted prosU^e^ic devices- sor Gt^:?ulatiftg t^se 
auditory nerve by of electr'ru^ j^uls^^s n..v'e fce-er cis- 

closed* S* Pafcfc-nt t^o« 3,44^,7^S ui^^c^oscs tis^ a-=>o oj: Loci^d 
pVilse Irslr^s t> create ^•If'cl'-'iCv.. graal'-nt r-^M r,^ id(,^"n~ 
IS tat«» vi<;-a^i or atjdu- ..t.v.mlatlon^, 1-^. S. Patent tvo, S,7$2,92$ 
aisclcscs -v^c ti^e cl an i.a«ftroaj t aclxidinq a pair of elongated 
con<.1 >rt;or^ fox -rclortin^ the Cichl^^. 

Scixr-- .-^r ^"t al, «Multielect£^0'« Irtxrcoc "ic. r X>ilants" Arch 
Ot-> araj-ii. Vol. 10 n^o-ui^.r ^^7?. d1s-:l^^p=^ H^e uc- 
D '^C'-i^: ^^ci ^;aon of the cochU-^ar nt^rw ija cats, rlark ard 
H<:.I-.^<.vir "A K\;i Ipls^-EIectrode Array for Coohl&ar Implrnit" , 
J, :,--vnf30l, Otol, ^0/7 1976 discloses a ribbon array includ- 

a plurality c^f vloTscrostf^d fiat electrodes v?h:cb are posi- 
tirred ^l?mq tKf» length o£ tbc cochlea tor stimnating the 
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auiitory aeM. Similarly, taaiss »f thin 5?ires have been 
mpXoY&d lay mm Stanford toiitory prosthesis fro«p fey mrect 
,^lacwat infco thp aaeiitoxy lifers. 

S Serial Ho, 267,405, f il^d Ms^ 26^' 1081^ « mIti-cMssisel audi- - 
toxj stiisisiatiois system is aisclosea W!i«reii4 s«l^a« eoehles ^ 
excitatiosi is achie^d usinf a jmalti-eiectrode psrostljetic 
4m$m Mhlch is isiserted i» thB scala tyjsi^^nl of tl5« coslilea* 
©afferent t«>nes casi fee pmm$^^ Js^ the paSi«3St tIsifOUgJv seXsc-^ 
Id tiw e^cit^tipn of file cacMea ^t$i t^e imlti-electroa^ 
prssthe-feio a^vie®* 

However^ t-he necessary Isiplantation of the jsuiti'-electrode pros- 
thesis estalls some risk and Inevitably destroys resldiaal hair 
cells which are rhe basic ser>sory taisits in the inner ear. 
IS Accordingly pr.rcc^dure is nc~ -:ecoms3ien&<.d for clesf children. 
Moreover^ %^here ossixicatloa of uhe inner ear has occwrred, the 
pmsth^tic fevice ommot in^serted i»to the cochlea* 

1?he positioning of an e^ectrrode outs ice of the cochlea for 
electrical stixaaiation of th«; chochlea nerx'-e haa bear* proposed 

20 for experimental testing purposes. However^ siicii e>::periments 
have caxised pain in the patients and the stlssnlatioji of the 
electrode is iiitdted to frequencies below SOO h&rtz and only 
limiteci speech pattern components Kere involved. Moreover, 
the tests feave been for liaslted periods o£ tisase with tfee 

25 eleotrodes thereafter being xesaoved from the patient. 

An object of the present invention is an is?pro^ed anditory 
sti^mulatlon ^ys^teia fat cbxonlo Jiearlng eiihaneement. 

Another object of tbe invention is aa anditory stlmtjlation ^ 
system which can be jaore easilj^ inserted in a patient, 

30 Still another object of -dis invention is a method of cochlea 
stijsiulation -feitl-iout the reqniressent for physical placement of 
an electrode in the cochlea. 
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Briefly/ in. acccrdance %s'li:.h the Ir.vention an atidltory stisiula- 
tiox! syst>-tJ5 cojnprises a single charmsl signal transn^ltter which 
can be carried on a person and, a sit^gie channel receiver vhich 
is subcutaneous ly isnplantea in k patient. The receiver includes 
5 a plurality of electrodes which are positioned in close proxX- 
sjsits' to the bas^ of . the .cochlea, 

in a preferred es^&odisient a pair of el^sctrodes ar« ployed with 
the active electrode being generally disc shaped with a diemeter 
oi spproxirsately l.S to 2 milliinet^rs . ground electrode is . 

10 sqiaal to or greater -xb siae tha» the active slectwd® and is 

positioned on the order of 2 to 10 s&iliisaeters from the active 
electrod©, Aocordisgly, a ssjall electric field can fc« generated 
which is effective in stim«i«tiaf tbe cochlea serve without 
also stijaulating other 3J«£ve fibers. Mres iatercormeeting 

XS the electrodes are covered is^ a suitable ins^slatioB to prevent 
esjcitation of c«te«eotJS nerve fibers. Preferably^ the actiw 
electrode is placed in the ro^md windo^f at the base of the 
cochlm or on the prossontory hose;. 

txi operation the eleotroass may be energised hy electrical sig™ 
afi nais In a frequascy baud of sufficient ^idtlj to iir.part coinplete 
. patterns asd without the patient experienci.n? pain or 
- aiscossforts at the higher frequencies. The frequency band 
signal is contiatjous over the frequency ba«d and is not limited 
to f m^®^^^owpm&ttts* 

The invention and objects and fesfures thereof \<Jii:« te sriore 
-readily apparent from the following detailed description and 
appended claims when t^e» with the drawings, in which s 

Figure 1 is a croes sectional view showing the physiological 
aspects of the hustan ear and the disposition of the stitsulatlon 
of ti 



Figure 2 illustrates the physical 'configuration of the si9fnal 
processor, the transmitter, and the itaplantable receive 



Figi^re 3 is a block diagram of a stijaulation apparatus in 
accordance with the present Invention, ^...-^^trsZ 
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Figure 4 is- an electrical scJiemafclc aiagrara of a trsnsjaitter 
and receiver aetworfe of the block backgrotjnd of Figure 2* 

Figi-r^ 5 is s-ni electrical schenstlc o£ ars alternative confis-ura--; 
t:ion of a trsiisrrd ttep and received oo;r<biriatios^ . 

S Referring first fco Figure 1, there is s:hovn a crcss-sectional 
view illustrating th^ external and internsl structmrss of the 
ear. The present itJventiois oosipriss^ an exterisal transjsitter 
which is arrangea to provide an m saodtalated carrier signal - 
to a transsdtter coil 10, tSie coil b«ing disposed lapon a 

10 molded plastic earhook mesaber 12 wisich is adapted to be clipped 
to the auricle 14. &s -will be ssore fully explained Bereisbelow, 
the transmitter itself maj cosv«nientXy toe packaged in a co«"~ 
taijimr which 3aay toe worn by or carried by tfee patient, with 
flexible leads coupliisg the oiatput of th® traiismltt^r issdtxie to 

15 the coil 10 on the earhook- AltetaativelY* using ■^ell-knovn 
isd cro«5sdsiatBrizatio3i tacshaiqu®s, the transmitter alectroiiics 
jsay be so packaged so as to also fit on the earhook 12 ^«'itn 
the result that only very short leads are required to couple 
the trans3Jiitter output to the transmitting coll 10. In 

20 regard, in Figmre 1, the transtaitter module IS is illustrated 
as b^ijag affixed to th^ earhook mesjiber 12. 

SurfricsXIy isjplanSred ba!-,w,e)i the tsxnporai r.uscXe 18 ani rh-a 
iskall bone 2Q 1? an itrsplar-ted receiver 3"DdVii6' 22, The esrbxOoV 
12 and its coll 10 are desicned sx^di th?<-t when the earhocJi is 

2S disposea on the aiiricle 14,- the coil iO of the tr?5T>srdtter io 

generally aligned axial ly and laterally with che racaivlT^g coil 
of the implant 22, Coupled betweeii the output of the receiver 
s3od\sIe 22 and the tissue to he stisiulated* is an insulated lead 
24, having a stimulating tip electrode 26 at its distal end^ 

30 as vsfell as a gromd or indifferent electrode 28. The lead 24 ^ 
is preferably routed between the tissue defining the external 
acoustic laeatns and the skull bona so as to avoid the necessity 
of penetrating the tympanic njoabrane, Hore particularly, the 
siirgical installation of the ijnplant begins with an arch-shaped 




retro-suricular incision^ After lifting the periosteu?;), a delve 
is milled iato the temporal bone^ and the receiver jnodul^* which 



secured to the bone with f ibrlnogenous glue and s«t^res. The 
S lead vires 24 connectijig the receiver jaaduls to the electrode 
sxjrfaces are also pftsitioneS within a i?iilled bo^a-cansl up to 
the external ear cfsual. H«xt, tije tyjnpanic messbraae is p«t 
forward and a §roov© is milled into the back wall of the ear 
caftal to protect the el«ctro<3«. The siabicxaXim is xsilled doVa snd, 

la it th^ss hecmies possible to approacJs tbe rotmd wijradow mejsibr&n© 
or the pscssostorj, Followiaas^ the positionisig and attachment 
of the electrode sisrfaces to the partictsi«,r locatioxi to stimu- 
lated » tbe tymp&nlc jaeisbraise is repositioned and the aisditory 
canal is oampojsated* The lead 24 thiss esjters tlxe ca^ltY of the 

X5 middle ear axid the actlw electrode 2S is stjitably affissed to 

near th© base of tbe cochlea such as to either the projaoiitory bone 
30 er to tfee round viji^ow messbrane 32, 

As can besot te beoi in Fiauxe 2,- fche ectx-vs; clwv-trv-*?^ 26 na/ 
fc-"p-*°x e a email >-e^c dx<=^c lor s s"* -ill- c xrHti^a*e3 
20 '^-■^^ «i^d -5 ^ d -"^-^ 1 >-o 

4*0 rv.T' c cj^ot-^o or :ix ..n ..''^ 

"iatelv tvo U -^e^ la-'-'e- xi tr ir tCti^e ^c- 

2S *oa» "6 Ir ^s. ^ h * * *, i x ? ^ ^ ^ t-r <j^t<. of 
ct cX.-ct oa^ e^er 1 ti^^^s qt ^-i -} it ^ t; <= ^ ve 
of the xmmxzxf'Xi it elecSrtoiit , cnsur3.ncj rhct the r lat rn 
focused at the point of contact of the actxw eieetro4e 26, 

Wxth xef^rence to Tigi^re 2, the ajsparattss of the present inven- 
3q tion xs shows to conpr3.se ar* external mixt xndxcatcd iseneraliy 

by ntisieral 34 aj33<3 an iUB^iiaatsble tjnit ind^-cated generally h'^ 

nx>s»Oi.a Vhe exterrial tmxt costprtses a ho««;xnq 38 vhxch may 

located in a w^aret'*! poc5cet and which 3,& arranged to contrfxn 

a ar\cto«hone ^^Sesp^^t^t {not foho'^n) &x«ip^scd In the arcn of rhe 
35 hcas>xjig 38 ixi ^ax^i pexforrtiOTJ'? 40 are forssed. In this fashion^ 

^Oisnd v.sveH J? reach tne mcrCj^hoTie s.l«5o com ali'sed wltaxn the 



is 9enerally disc shaped, is positioned inside the delve and 




touting 3S is a battery supply an<5 the trmisssitter and 
signal prooessincf electronics yet to h& described, to t>m 
42 ir^ay be provided to incrc&ba b-sttery status* Fxsrther, a 
thissbx^'heel switch/control 44 Cv^r. be used to ttsra the external 
unit on and off and/ if desired, to va^Tf paraxaet^rs siach as 
the gain of 'the amxsXlfi«rs tssed i& the signal processing 
electronics. The ovstptat. voltage of th^ speech processor 
unit can also fee variea. Disposed on the top end of t!j© 
liousing^ 38 is a :|ack 46 Mapted to receive a standard plug :. 
4$ sisch that the output froia the traiismitter saa^ he coupled " 
Yia conductors SO to the trajisssitting ooil 10 formed on the 
12. 



The implant 36 comprises a rois»d wafsr-lUc® portion in i 
the receiving coil 22 is disposod. Within the central 
opening of the annxiiar coil 22 are the electrical catsponents 
comprising the receiver electronics, The coil and electrical 
components ar® issbedded in a stiitable body-compatible plastic 
such as Silastic, Teflon or the like, and the receiver is 
encased in a hermetic fl\sid-feight enclosure* The receiver* s ■ 
outpTSt is developed across the active electrode tip 2& and 
the grcxxnd or indifXeroxat (Electrode 2S. The *«I<5Ctr.ic3:i 
conductcr-i-; lja3x:^c .crois the wafer portion of the ir^plant x.o 
th« eioc::rci5-,- . artaces are encased in an insulating bio- 
compatible Lvheatll, 



Preferably^ the corKluctor portion ox tl^e l&ad terrsinati-r.c^ at 
the active, electrode 26 is fabricated of a rn.at<-rial exhibit- 
ing a sprinc actioxi whereby dBring isv^piauta tion the lead 
may he bovred or flexed so that the ball or disc electrode 
serf ace 26 my be positively urged against the body struc- 
tnra to foe ^tiss-ulatad i.e, , ths promontory or the roimd 
u>iMov jnembrane* Alternatively # where prosnostory stiiaala- 
tion is Involved, a ^jsall recess may be drilled into the 
proj&ontory bone to receive the active electrode and a suit- 
able adhesive niay be •used to bold the electrode in position. 
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Corisider r^ov the electrxcsi construction of the invention vjith ■ 
" rsf-.rsnce to the esiibodajsentss of Figures 3-5. Figx'jre 3 is a 
block diagrsnn of tn^-s system* Hicrcsphone 52 gssnerates an 
slectrical output which is applied to the speech processor 
electronics shown as being eiiClor>ed by the broken line box 54. 
Ir.cluded in tl-is speech processor chann&^l is a gain controlled ■■ 
ar;plifier 56 which recei^-es as its input the oleotrioal output 
front t}v;> sr>icrophone 53 and the oiitpist f rcia the grain control - . 
ar^plifisr S5 is applied through a band-pass filter 58 to a fco- - 
callea isoloiKlness frequency adjustsser.t circuit 6S* The speech 
■processor electronics 54 further inol\:des a cynsBic range coju- 
pression circuit S2 vhich r\ay either precede or follow the 
isoloudnejss frequency adjm>t?t5ent circuit 60* 

■The constr-accion and operation of tiie speech processor electronics 
54 is fully set forth a.nd described in oTir' co^pending applica- 
tion Serial Ko, 267,405^ filed Hay 26, I98i. 

Ths output f rot's the speach processosr 54 is arranged to tru^dul r.5te 
ths output fro® anPvF osciil;ator in the iL'-^ tr^r^siaitter s^ociulo 64. 
The Ksodulatet! o.ij-purr from tho- tran-Tsiitter is applied Jioross a 
trar.scdttincj coil a>nd a c3paciS:or ;:8,, these last laentioned 
tv,'o coT.poncoto beir;u designed to ceo;: crate as a tuned circuit 70. 

The inplant unit 36 is eho-^-rn to the right of the skin interface 
72 and includes the receiver coil 22 and parallel capacitor 74 
•■.■ohich forsn a tuned receiver circuit 76* Th& output from the 
tur.ed reoei\^ar circuit is co-cpled as an input to a diode 
demodulator netw^ork 78 which frmctions in a. conventional fashion 
to remove the jKodulatloB envelope from the ^ carrier- The 
output from the diods deiaoa-ulator is applied via the X^^ads 24 to 
tlis active and indiffeaient electrode siirfaces. 

Figure 4 . is art electrical schematic of the Ml transmitter module 
64. In this figure, th& xalcrophose -pick-up 52 and the speech 
processor modulo 54 connected to it are conrsected through a 
resistor 80 to a first tenainal 82 of the secondary winding 84 
ox a trans forsisr indicated ganera.lly by ntrscral 86 > The 
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pri:-cxy v.indiy5g 88 of ^he trans foiji.'^r Is crt.r.^c -^Ci o^^s r'.ie 
;>^tr'-iw of 4.ri KF osciU^tor 90. -^he terr^nc^I 22 : ar. IL-- 
decQHpling capacitor S2 cci.,^.of^„ . „^ i j -.aQ a--cu.i4, 
the other tarmixsaX of th«s f ..v'or,a~-"y %r:iC-r)^ ^4 i., rD-a.ecL:;d 
directly to the base electrodes c;: aw t^F:; ^r^r.„"£,?tor ^^A. 
•The emitter coutact o£ the tranisi^tor is connroi-d -r. cfi^x.d 
a.d the collector contact is ti«sd to a center t«p ierrin=?^ 
96 of a transmitting coil SS. & capacitor 6P conn3;;t'->d 
dirsictly in parallel witfe th& entire tranfiisic-lng --oil t"6 
snd the requisite tiC hUs wltage for the transi.^tor 9 J 
applied at terminal 100, A further BiS^ decoapX^^nj -apacitor 
X02 is conneot^d between ground cind the coKsaon junction of 
tfee coil 10 and tfee capacitor 6S, 

The implanted receiver modttle 36 cosjpriees a receiving coil 
22 and a tunijsg capacitor 74 connected in parallel, -he 
demsdulator portion of the receiver cojaprises a serul conductor 
diode im having an anode connected to a center- tap terssinal 
lOS oxi the receiving coil 22 and a cathode electrode connected 
to a junction point 108. A resistor HQ and a capacitor 112 
are connected in parallel between the junction point 103 and 
the terminal 114 of the coll 22. A Moclciiig capacxi^or 116 
is disposed i^ series between the jtnsctxon point 108 and the 
active electrode. The gronnd or indifferent electrode is 
tied' directly t& the teCTinal 114. 

In operatloji, the modBlation signal which is a speech derived, 
time varying wave, originates at the output of the speech 
proce. sor 54 and is ^-ppll&d to 'the transisto- ^odcl^^or via 
resistor 80 ae'is the carrier frosi the or^.^iila^or 90 via 
the transformer coupled to the base o£ the transistor 34. 
^The capacitor §2 as well as the capacitor 102 serve to 
decouple the l-^-" signal from the DC supply. The collector of 
the siodul^ition tramistox 94 is connected to the tap of the 
ttsned txans^mltter circuit which' inclTades the coil 10 arsd the 
capacitor es. The traasmi*-ter coil 10 inductively couples 
tlie iaodulated carrier signal to the iinplanted receiver coil 22 
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which, together with the capacitor 74, slso aott.prisBS « tuned 
receiver circuit, llie received signal is de.tiodulated by tTjs 
jjemiconductor diode 104 witii capacitosr 112 providing ?iP 
SecGXiplinq and resistor lid proviaiBg thte requisite DC path to 
5 groaiid, - The capacitor 116 serves to block any DC current from 
xsaehiistf the @iefer©4«s. 

Importantly y by placing tbe electrode?; r.ear the bas;* of the 
cochlea stxch as on the round viridow sner^br^-jrso or on idis 
prraontory J a concentsated electrical field is est^lishsd x,'hicli 
10 rsbspcnds to the aiapiitude and fresjuejtcy of the transmitted 
§P'2ech sig»aX which « patient caij. perceive aisd mderstand 
speech. 

It ssill fee Tiotea that th& mo^utBitian signal from the spesech 
processor S4 la Figmre 4 is applied to the base of the output 

IS transistor 94 hf vay of the transformer's secondary winding S4, 
By isitroducing the isoduiatioTi signal ors the ba^e electrode, 
oistptst transistor saturation is avoided* Inhere collector 
usod^aiation is employed* feosfever* this tssdesirable satnratioa 
cmM result* It is feasible* feowever, to introduce the 

20 Bodulatios sigxsai at t3ie emitter electrode* 

il« alternative arrang^i^t ot an external speech processor and 
transmitter cosibinstion a»d an implanteible receiver coafeination 
is illustrated In Flg^lre 5, Here^ a single speech processor 
network 54 and a single sat or stimalstlisg electrodes are 

25 interfaced with a d'aal transmssicn channel for perfortnlng 

tr^^nscufcaneoi^s stiisuliition* The rilcrophone pick-up S2 provides 
its rArtput to the speech processor S4 vhlch, agairw ^;'isy be. 
eorsfi<j-ared as s«t forth in ths aforereferenced application 
Serial Ko, 26/^405. - The modulstioK s-lanal ^roTl^ th'--. speech 

3C procssijor n&tv/ork 54 is applied to a phase splitter indicated 
generally by niuT^eral 118 ax:>d fror, there to AM trsnsrr^itters 
120 and 12.2, The phase splitter is shovm as is-cluding "UBM 
tra-nsistox- 124 having its collector electrode connected 
tferough a .resisto.r .126 to a so^jrce of potential asd tfee 

35 ejsitter electrode connected th.rotigh a rssist.Gr 128 to gronndv 
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Tfc^ signal derived from t^bs collector electrode of tis« 
transistor 124 is applies to the transmitter 120 v?hile the 
signal appearing at th^ emitter el«ctrai<3e of transistor 124 
is applied to the trais&mittsr 122 « 

5 Traiisjsittsr 120 delivers its output, to a tuned circuit: 131 
comprised of the transmitter coll 133 and |5«riullel capacitor 
135 while transmitter 122 pro'5?lde« its output to a similar 
tuuea circuit 130 coinprxsed of a transttsitter coil 132 and 
fcxsnxng capacitor 134, Itnplaated beneath the tesnporeil rnusclo 

10 posterior to the patient's auricle is a receiv<ar i&odale 

incltadlng tuned circuits 136 and 138 which a»:e inducti%ysXy 
coupled to the tra^SHiittlag tuned circuits 131 a«d 130^ 
x&Bp^tl-vmlj* She feri33ea circuit 13 S includes a recaiYl»g 
coil 140 and an associated tisnixsg capacitor 142 while the 
,1& tvm&A circuit 13B includes a rsc^iviug coil 144 and its 

associated t:uniag capacitor 146. The raceivlng coil 140 has 
m iiitermsaiate teralnaX srS connects to that terminal is 
the anoae ^alectroda of a sesjxconductor diod& 148, The 
cathode «l^ctrod® of tisat dicde is tied to a Juactioa 1S0« 

20 to oppositely poled diode 152 is tied between the junction 
ISO and an intermediate terminal on the receiv^c coil 144. 
fhe lowermost teradnals of the reicel-sring coils 140 and 144 
are tied together at a junction point ISl, Connectsd 
between the junction points ISO and 151 is a parallel 

2S coxabi nation of an KF bypass capacitor 153 and a load 

roislstor 154, The junction 150 l.~ also coupled through a 
DC blocking capacitor" iSS to the active electrode while the 
junctioa 151 is. connected to the grounS or indifferent 
electrode* 

30 The .=;i:r-u!\ge!ncnt shown \ri T-Mc-ar;;- 5 i« used t:o stltr^jlate only 
oicje pa:; titular L^ltu; (t.he procAor. ix ry or round window nie;:fl;raDe) 
using the two electrodes of a single , Hovu?v«-r, it uses 

two txanssaission channels arranged to op?!ral.e In a x>ush~pull 

35 configuration. The advantage of using this push-pull arraxig?;- 
sae»t is that the resistor 154 may be made very large tor everj 
deleted) snch that substantially all o£ the power trunsii^itted 
to the Irjplant reaches the electrode^- neglecting of course the 
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aiode losses. It is thus possible to redtsce input power by 
. stmt a factor of four as compared to the single trans?stisslo» 
chssmel Se^ice of Figstre 4.' 

Th® ejaboaijsent showa in 'Figure 5 laa:^ bs ' thought of as 
B coinprisinf two transmission channels, each being essentially 
eqtsivalent to the single transiaissioa channel of. Figars 4. 
ooopers^tiveXy driving a siiigle receiver channel . with resiator 
154 haviug a large valtie as cc«spared to the electrode irnpedartcs^ 
it will absorb any differential dc current resulting from any' 

10 asyjnmetr^i' in the transssission characteristics of the two trans- 
stlssion chanrieas. It offers the fxirther advantage in tiaat it 
may function in tbe same fashion as the resistor 110 in 
•figure 4 showld only one trsnss^isssion channel be operative . 
Thus, this confignration increa^^es reiiv.ibility by offering sn 

IS aaditional r,rsnsraissaor. chamisl in case one transiaission 
channel is lost, albcdt at a lower efficiency. 

fhose skilled in the dxl will recogni«;e that instead of 
consi:ructing the band-pass filter nsing two turned parallel 
resonant circuits as in the ejsbodijasnt of Figtsres 4 and 5, 
' 2Q it is also poseiJ5l6i to ianplement the bana~j>ass filter with 
one series ttmed circuit asid one parallel tmsed circuit. In 
such a case, tbe input of tlis bsBd-pass filter sbotsld not be 
current driven, but rather voltage driven, in order to obtain 
e relative maximum of the induced voltage at tha point of 
25 critical conpling.. Xn the arrangesient where tb© series tuned 
circuit foxms a part of the trasjsssitter, the output fcrans- 
istor preferably worlca in the saturated conaition and may 
■ modulated by collector modulation. Where "the ssoriss tuned 
circuit forms a part of the receiver electronics, however, 
the parallel timed circuit of the transmitter should be driven 
30 by a non-saturated amplified. 

The invention has proved sucnessful In Irr-provsng a patient's 



perception capabilil 
speech. Since the . 



" rxiid. in providing understasidmc of 
tallsition of the electrodes does not 



eauire penetration into the cochlea, the risks x 



reduced and d«^aag« to the h«ir cells of the cochlea is cbvlated. 
S-afficiejitly larga dy^iasdc ranges hwe been found up to 
approxiiiiately lOK H'z, The t^ppex* llsiit of sti^n^ulatlon strength 
is caused by too loud of a s;anfi-,s;J.c;j a:vc not by psin, A wisle 
frequency range (e.g. SO-3500 Hz) for u full speech patter!!! 
can b© accosssodat^a without indticing pais or other a®latsrio5ss 
effects in t&® pati«nfe. 

While tfe^ inT«ntiqss has hmn tecrSJsed with x^f erencJe to 
specific ®J!!bodiiaent«, th« <Sescriptxo» Is ili»strative a«d not - 
to ije construed as Xiasitisxg the iaventioB. Various iJsodifications 
a^d spplications my occar to those sMlled la the art without 
departing f» the trtt® spirit and s&op&^ot the iav<sntlon. 



for imjsartist patterns ^onprisim ^ steps ^laciaf- 

an actJ^s^ sXectrod^ B»t a ^rotma electrode t^titside ot 
5 »ear the Isa^e of a. eoctsl^a oi a patieisfc, an^ ensrf iaiug said 
mtxm eXectraas vith aa eXeciricaX mml ^ f^m^m 

Mad wMch is ^^sffieient to saafiae a speech p«tt«sn* , 

5« me xsethoa as ^&£ined by clv^i^s I whereiis saia active 
^ mlBctxom is pXacsa im cXo^e psr^jKipit^ to the roimfi window at 

3, The method as defined hj qX^^ 1 %^herein said acti'^fe 
«lactroa.s is placed ob tlie prdmontDry boxus* 

4. A siethod of chronic aucitcry ©tirttaXatlon o£ the cochlea 
for Imparting speech patterns cojuprising the steps of 

IS gensrairing a £irst s>igTial Ixaving predetenajlijea ampXitude and 
frequenc^^ aepsadest components cssirrssponding to speech 
patterns^ ■ , , 

trasismitting said first signal to & s ubcutaRea-asXy SmpIsBtad 
receiver # aM 

20 applying saia first signal to a, pair of closely spaced 
electrodes poaitiqaed outside of tha cocfelea wheraby an 
electrical lield is established for stimulating the cochlea 
in xespoBseto said speech patterns* 

S* ^h® taathod as defisjed by clsim 4 ^-Jherein siaid £t.ep of 
as transuiitting coxsprlses isodulatiiig a carrier signal by said 
first 5;l9nal and coupling th« asodwlated carrier signal to 

said r&CBXVBr, 

The as defined by claira A wherein said pair of 

eIeoi:roder> lnc:u-des &n active electrode -which is positioned 
near the round wiridow at the bajse of the cochlea. 
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7, Tb.« ssethoa as defined by claiJES 4 wherein said pair of 
electrodes includes &n active electrode which is positioned 
osi the psronsostory bojj©* " 

'n, A system for chronic atsditory stimisiation comprl^iag 

S tra»ssnisslon maans for ^^n^ratlng aad tr^sjsmitting a fregusTiCjf 
band signai havijsg predstsrmitied aisplitu^e sxid freqtiency 
' dependent aiar acterlstics correspondisg to speech signals 

r&ceiv?»r ijiisans for receiving said frequency b„aj>l F.iona^ ^ 

a pisar&lity of eleotrodes for close positlouing oijstsids of 



x.lxirality csf eloatrod-:s whcrcb'/ said elc<ci;rodes respond to 
ss-id Sreq-aency bai:d signal ann v.^stc^'bld sh an electrical field 
for stixula-t.ixig the eochica it) response to speech signals. 

IS S» A system as defined by claim 8 wherein said plurality of 
electrodes incXtsdes au' ectlve electrode and "a groxmd electrode. 

10. A systens. as defined hj claim S vherein said active 
electrode is placed in close prosdsaity to the xoxm& window 
at tm base o£ the cod^lea., 

20 11. "Shist systeKt as defijissd fey claim & wherein said active 
electrode and gajoimd electrode ^re discs shapsd- 

X2, A system ®s defised by claiiK 9 wherein ;said ground 
electrode iB larger than said active electtoae. 

13. A gijstess as defined by claim 8 wherein saia transtRisslon 
25 J5jeans comprises a sing Xe channel ajuplitnde laodxjlation 

transffiitfcsr- 



14, A system as defined by claim 13 wherein said receiver 
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■rises s passive single channel amplitx^ae aoduiatxsn 



15. h. system as defised by clsim 8 ^h&xein said transmission 
* issans fisxtti^r includes pic3t>3p laeajsg for receiving sound 'Sifaves 
S including sajbstsstislly the entirs ran^e of spescH fregn&n- 
cies ana producissg ©Isctrioal sigiiaXs corresponding to said 
sound waves, speech processing means coupled to s«id pickup 
jaeans for recei'srijag said eiectricai signals and converting 
said electrical ^xg^als to a modulation signal having 
10 prsdetermin^a frequency and amplitude depsndeat characterise 
' tics, transsdttsr ^ams coupled to receive said Modulation 
signal for producing a radio freqxjenoy carrier signal ?jnioh is 
modulated in accordance with said nodui-atioti signal ar.d 
means for inductively coispiing the outpafc Srom said trans- 
its mittsr meaiss to .said receiver iseatas* 



16, the SY^tsats as defined by clais^v 15 wherein said : 
jneans is arranged for stibcr^tan^ous inplantation at a 
predate-risined location x<?ithin thn patient and incl-udes 
demodulator means for recovering said jsodulation signal from 

20 said modtslated carrier sigzial* 

17. fh® systaa def ia®d bf claim « or IS wherein said 
ijsterconnecticn meaus coi8pris®« tissxse compatible insulation 



■ 10. Tlje sy&tesa as deSijied by claim 17 wherein said wires 
25 exhibit a springlike property whereby one of said electrodes 
is t^rged iitto position at the base of the cochlea. 



19, The system a© defined by claim 8 wherein said frequency 
band signal incltsdes the frequency range of SO Hs to 3,5 hUz. 
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